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PRELIMINARY ABORT AV REQUIREMEXTS 

FOR A COPERNICUS MISSION 

By James C .  Ki rkpa t r ick  

T-he op' *-._- b i u u  AT: c o s t s  t n  abort  a l u n a r  mission f o r  a Copernicus 
landing  i n  May 1971 i s  presented.  The abor t  AV a v a i l a b l e  from t h e  conbin- 
a t i o n  of an extended luna r  module (ELM) o r  an  augmented luna r  module 
( A L N )  with  Apollo Block I1 command and s e r v i c e  modules ( C S M )  hardware i s  
a l s o  presented  f o r  t h e  range of s e r v i c e  module (SM) off- load condi t ions  
extending from 0 t o  100  percent  primary propuls ion  p rope l l an t  through 
t o t a l  SM j e t t i s o n .  These r e s u l t s  are c ross -p lo t t ed  t o  determine t h e  
p rope l l an t  off- load requirements f o r  accomplishing t h e  abor t  maneuvers 
considered.  

The abor t  maneuvers considered i n  t h i s  s tudy were i n i t i a t e d  at an 

Abort 
a l t i t u d e  of 80 n.  m i .  at per icynthion f o r  nonfree-return t r a n s l u n a r  t r a -  
j e c t o r i e s  having f l i g h t  t imes  of 110,  95, 90, 85,  and 80 hours .  
maneuvers i n i t i a t e d  from t h e  95-hour t r a n s l u n a r  t r a j e c t o r y  a t  t i m e s  1 
&lid 2 hou-s ~fter per icynth ion  passage were also i n v e s t i g a t e d .  
a n a l y s i s  w a s  terminated at t r a n s e a r t h  i n j e c t i o n  ( i u )  oii t h e  lunar sphere 
of in f luence  (LSOI). This  t a r g e t  po in t  w a s  co r rec t ed  i n  long i tude  from 
t h e  nominal Copernicus mission o f  r e f e rence  t o  account f o r  t h e  po r t ion  
of t h e  t o t a l  abor t  f l i g h t  t ime spent w i th in  t h e  LSOI a t  t h e  r a t e  of 
13.18O per  day. Only t h i s  po r t ion  of t h e  t o t a l  abor t  t r a j e c t o r y  w a s  
opt imized,  as t h e  opt imiza t ion  program used i n  t h i s  s tudy i s  l i m i t e d  t o  
ope ra t e  s o l e l y  wi th in  t h e  inf luence  of a s i n g l e  a t t r a c t i n g  body. 

The 
f -7l-r \ 

The r e s u l t s  of t h e  opt imiza t ion  s tudy were p l o t t e d  as a func t ion  
of  t ime t o  i n t e r p o l a t e  f o r  t h e  l o c a l  minimum AV c o s t s  and t h e  t i m e  asso- 
c i a t e d  wi th  t h e s e  va lues .  The t o t a l  abor t  f l i g h t  t ime r equ i r ed  t o  reach 
t h e  r e e n t r y  poin t  on t h e  Earth w a s  determined by adding 89.1 hours t o  
t h e  i n t e r p o l a t e d  va lues .  

For t h e  range of  abor t  maneuvers inves t iga t ed  f o r  which only t h e  
descent  propuls ion system (DPS) i s  used ,  s e r v i c e  p r o p d s i o n  system (SPS) 
p rope l l an t  off-load requirements of 52.0 t o  67.6 percent  were requi red  
fsr a v e h i c l e  eauigped .. - -  with  the  ELM, and 21.0 t o  41 .4  percent  i f  equipped 
wi th  t h e  ALM. 
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The propel lan t  of f - load  requirements were found t o  inc rease  wi th  
inc rease  I n  t r a n s l u n a r  f l i g h t  t i m e .  The i n t e r p o l a t e d  l o c a l  minimum 
A V  cos t s  e s t a b l i s h e d  f o r  abor t ing  t h i s  mission from t h e  above s t a t e d  
t r a j e c t o r i e s  a r e  2750, 2637, 2600, and 2570, and 2535 f’ps, r e s p e c t i v e l y .  
The stay times wi th in  LSOI a s s o c i a t e d  with t h e s e  AV values  averaged 
2.75 ? 0.05 days. 

I N T R O D U C T I O N  

The purpose of t h i s  e f f o r t  w a s  t o  determine both t h e  r equ i r ed  and 
a v a i l a b l e  AV magnitudes f o r  abor t ing  a l u n a r  mission f o r  a Copernicus 
landing  i n  May 1971. This  mission i s  descr ibed  i n  d e t a i l  i n  r e f e r e n c e  
1, and i s  t y p i c a l  o f  t h e  t r a j e c t o r y  planning f o r  advanced l u n a r  missions 
ri iscussed i n  r e fe rences  2 and 3. These missions r e q u i r e  (1) nonfree- 
r e t u r n  t r a n s l u n a r  t r a j e c t o r i e s ,  ( 2 )  Apollo Block I1 CSM hardware, ( 3 )  
e i t h e r  an  ELM or an ALM ( s e e  re fs .  L, 5 ,  snd e ) ,  and (4) t h r u s t  abor t  
c a p a b i l i t y .  For example, SPS f a i l u r e  a t  l u n a r  o r b i t  i n s e r t i o n  ( L O I )  
r e q u i r e s  t h a t  t h e  spacec ra f t  possess  a d d i t i o n a l  and sepa ra t e  propuls ion  
systems t o  t ake  t h e  v e h i c l e  through T E I  a t  t h e  LSOI. I n  t h i s  s tudy ,  
L O 1  w a s  considered t o  t a k e  p l ace  a t  per icynth ion;  b u t ,  s i n c e  abor t  con- 
d i t i o n s  are s imulated,  t h e  i n i t i a l  abo r t  t h r u s t  w a s  assumed t o  t a k e  
place immediately a t  L O I .  However, p repa ra to ry  pre-abort  v e h i c l e  o r i e n t a -  
t i o n  maneuvers w i l l  be  r equ i r ed  be fo re  abor t  maneuvers can  be i n i t i a t e d .  

This  study p resen t s  (1) t h e  optimum AV c o s t s  t o  abor t  a Copernicus 
mission from nonfree-return t r a n s l u n a r  t r a j e c t o r i e s  having a range of 
f l i g h t  times of 110  t o  80 hours ,  and ( 2 )  AV a v a i l a b l e  from t h e  propuls ion  
systems (descent  and a s c e n t )  of an ELM or a n  ALM f o r  a range of SM o f f -  
load  condi t ions  extending from 0 t o  100  percent  primary propuls ion  pro- 
p e l l a n t  through t o t a l  SM j e t t i s o n .  The t r a n s l u n a r  t r a j e c t o r y  having t h e  
110-hour f l i g h t  t i m e  w a s  used as t h e  b a s i s  f o r  t h e  t r a j e c t o r y  computations.  

The conf igura t ion  weights were obta ined  from re fe rences  4, 5 ,  and 6 .  

Two sepa ra t e  d i g i t a l  computer programs w e r e  used i n  t h i s  s tudy .  
The Apollo Tra jec tory  Design Program (ATDP), descr ibed  i n  r e f e r e n c e  7 ,  
was used t o  determine t h e  depar ture  and t a r g e t  s t a t e  v e c t o r s  f o r  t h e  
abor t  maneuvers. An opt imal  n-impulse t r a j e c t o r y  program, descr ibed  i n  
d e t a i l  i n  re ference  8 ,  w a s  used t o  determine t h e  optimal AV c o s t s  f o r  t h e  
abor t  maneuvers considered . 

The optimum AV c o s t s  computed i n  t h i s  s tudy  a r e  sub jec t  t o  t h e  
l i m i t a t i o n s  of t h e  opt imiza t ion  program. A s  a r e s u l t ,  o n l y  t h a t  p o r t i o n  
of t h e  abor t  t r a j e c t o r y  l y i n g  wi th in  t h e  LSOI was opt imized,  as t h e  pro- 
gram does not have t h e  c a p a b i l i t y  of t r a v e r s i n g  a n  SOI. Fu r the r  , t h e  
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op t imiza t ion  program assumes i n f i n i t e  v e h i c l e  t h r u s t  c a p a b i l i t y ,  which 
i s  v a s t l y  d i f f e r e n t  from t h e  capab i l i t y  of t h e  v e h i c l e s  considered i n  
t h i s  s tudy  where thrust-to-weight r a t i o  i s  always much l e s s  t h a n  u n i t y .  
A s  a r e s u l t ,  it i s  conceivable t h a t  t h e  optimum AV c o s t s  computed i n  t h i s  
s tudy a r e  apprec iab ly  d i f f e r e n t  from t h e  resul ts  of a more r e a l i s t i c  in-  
t e g r a t e d  t r a j e c t o r y .  However, t h i s  d i screpancy  does not d e t r a c t  s i g n i f i -  
c a n t l y  from t h i s  s tudy ,  as t h e  r e s u l t s  show t h a t  t h e  abor t  cannot be 
s u c c e s s f u l l y  accomplished un le s s  t h e  v e h i c l e  i s  reduced i n  weight by a 
very  v ide  margin. 

. 

No at tempt  w a s  made i n  t h i s  a n a l y s i s  t o  determine t h e  dynamic 
s t a b i l i t y  of the  veh ic l z  ir; regard t.0 p rope l l an t  of f - loading .  However, 
any f u t u r e  work on t h i s  sub jec t  should be in t ima te ly  concerned wi th  t h e  
problem of t h r u s t  misalignment r e s u l t i n g  from p rope l l an t  off- loading 
and a t h r u s t i n g  mode of opera t ion  wk,ich is the d i r e c t  oppos i te  of t h e  
des ign  mode f o r  t h e  Apollo mission. 
cannot be  contained wi th in  t h e  cont ro l  bounds of t h e  s t a b i l i z a t i o n  and 
c o n t r o l  systems, it w i l l  not be  poss ib l e  t o  supply Copernicus-type 
missions wi th  t h r u s t  abor t  c a p a b i l i t y  from t h e  ELM or ALM propuls ion 
systems. 

If t h e  t h r u s t  misalignment problems 

Q 

SP I 

0 
M 

M2 

AvA 

AvD 

$ 

SYMBOLS 

2 
a c c e l e r a t i o n  of g rav i ty  f o r  t h e  Ea r th ,  32.17 f t / s e c  

s p e c i f i c  impulse f o r  t h e  p rope l l an t  combination of each luna r  
module propuls ion system, 3 u u  - - A  sec 

t o t a l  weight of vehic le  a t  t h e  time of t h e  i n i t i a l  abor t  
impulse,  lb 

t o t a l  weight of descent s t a g e  j e t t i s o n e d ,  l b  

t o t a l  u sab le  weight of  descent  propuls ion  system p r o p e l l a n t ,  
l b  

t o t a l  usable  weight of ascent  propuls ion  system p r o p e l l a n t ,  
l b  

AV c a p a b i l i t y  of t h e  ascent  s t a g e ,  f p s  

AV c a p a b i l i t y  of t h e  descent  s t a g e ,  fps 

l ong i tude  - of t h e  t a r g e t  p o i n t  a t  t h e  completion of t h e  abor t  
maneuver , deg 
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longi tude of t h e  t a r g e t  po in t  a t  T E I  from a nominal Copernicus 
mission, 73.511239' + O  

$ angular v e l o c i t y  of t h e  Moon about Ea r th ,  13.18 deg/day 

t i m e  o f  f l i g h t  of t h e  abor t  t r a j e c t o r y  l y i n g  w i t h i n  t h e  L S O I ,  
days t f  

ANALYSIS 

The abort  maneuvers considered i n  t h i s  s tudy w e r e  i n i t i a t e d  from a n  
I a l t i t u d e  of 80 n. m i .  a t  per icynth ion  f o r  t r a n s l u n a r  t r a j e c t o r i e s  having 

f l i g h t  t imes of 110, 95,  90,  85, and 80 hours .  Abort maneuvers i n i t i a t e d  
from t h e  95-hour t r a n s l u n a r  t r a j e c t o r y  a t  t i m e s  1 and 2 hours a f t e r  p e r i -  
cynthioii  passage were a l s o  i n v e s t i g a t e d .  

The s t a t e  vec tor  a t  t h e  L S O I  asd TEI from t h e  nominal Copernicus 
mission - described i n  d e t a i l  i n  r e fe rence  8 - w a s  t aken  as t h e  t a r g e t  
f o r  a l l  abort  naneuvers considered.  The long i tude  of t h e  t a r g e t  w a s  
co r rec t ed  fo r  t h e  a r c  t r a v e r s e d  by t h e  Moon about t h e  Ear th  dur ing  t h e  
po r t ion  of t he  t o t a l  f l i g h t  t ime of t h e  abor t  spent  w i t h i n  t h e  LSOI 
according t o  t h e  r e l a t i o n s h i p ,  

The abort  AV a v a i l a b l e  from t h e  ELM and ALM w a s  computed according 
, t o  t h e  r e l a t i o n s  

c 

t 
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The conf igura t ion  weights f o r  t h e s e  c a l c u l a t i o n s  a r e  g iven  i n  t ab le  I.  
The r e s u l t s  of t h e s e  c a l c u l a t i o n s  a re  p l o t t e d  i n  f i g u r e s  2 and 3. 

For t h e  purpose of t h e  opt imizat ion s tudy ,  t h e  p o r t i o n  of t h e  abor t  
t r a j e c t o r y  l y i n g  wi th in  t h e  LSOI was considered t o  r e q u i r e  a f l i g h t  t i m e  
of from 1 t o  5 days. Only t h i s  por t ion  of t h e  t o t a l  abor t  t r a j e c t o r y  
w a s  opt imized,  as t h e  present  vers ion of t h e  opt imiza t ion  program can 
only opt imize t h e  AV cos t  f o r  t r a j e c t o r i e s  t h a t  l i e  e n t i r e l y  wi th in  t h e  
SO1 of  an a t t r a c t i n g  body. A s  a r e s u l t ,  t h e  program w a s  suppl ied wi th  
a f i x e d  f l i g h t  t ime which w a s  only a p o r t i o n  of t h e  t o t a l  r e t u r n  t ime of 
A I .  bl lC - a b o r t .  
f l i g h t  t i m e  i n  each c a s e  i n  half-day increiiiziks - in an  at tempt  t o  es tab-  
l i s h  t h e  l o c a l  minimum f o r  t h e  AV c o s t  curves  p l o t t e d  as func t ions  of 
t i n e  ( f i g .  b ) .  
ments were a l s o  considered.  
j e c t o r y  spent  w i th in  t h e  SO1 must be increased  by 89.1 hours t o  o b t a i n  
t h e  t o t a l  r e t u r n  t i m e  of t h e  abor t .  

However, repea ted  computer runs  were made - i nc reas ing  t h e  

Where it w a s  considered a p p l i c a b l e ,  s h o r t e r  t ime inc re -  
The f l i g h t  t ime foi- t h e  po r t ion  of t h e  tra- 

For t h e  remainder of t h i s  d i scuss ion ,  t h e  terms "abort  f l i g h t  t i m e "  
and "abort  t r a j e c t o r y "  w i l l  be  considered t o  mean t h e  time and po r t ion  
of t h e  abor t  t r a j e c t o r y  l y i n g  within t h e  LSOI. 

RESULTS AND DISCUSSION 

The r e s u l t s  of t h e  c a p a b i l i t y  s tudy  a r e  presented  i n  f i g u r e s  1, 2 ,  
nzd 3.  
A r e p r e s e n t a t i v e  t r a j e c t o r y  assoc ia ted  Fiit2: t h e  r e s u l t s  shown i n  figi- 
w e  4 i s  presented  i n  f i g u r e  5(a) .  

The results of t h e  opt imizat ion s tudy are presented  i n  f i g u r e  4. 

The r e s u l t s  of t h e  opt imizat ion s tudy show t h a t  t h e  abor t  maneuvers 
fo l low two d i f f e r e n t  t r a j e c t o r y  pa t t e rns .  The t r a j e c t o r y  shown i n  f i g -  
u r e  5 ( b )  i s  t y p i c a l  of t h e  abor t  t r a j e c t o r i e s  which had r e l a t i v e l y  sho r t  
f l i g h t  times. This  t r a j e c t o r y  was obta ined  f o r  a n  abor t  maneuver i n i t i -  
a t e d  from t h e  95-hour t r a n s l u n a r  t r a j e c t o r y  and had a f l i g h t  t ime of 
1 . 5  days.  
t y p e  were considered t o o  h igh  t o  be of i n t e r e s t  and w e r e  not included I n  
t h e  r e s u l t s  presented i n  f i g u r e  4. 

The cos t  of abor t  maneuvers r equ i r ing  t r a j e c t o r i e s  of t h i s  

The t r a j e c t o r y  shown i n  f igu re  5(a) i s  t y p i c a l  of abor t  t r a j e c t o r i e s  
which had r e l a t i v e l y  long f l i g h t  times. A l l  t r a j e c t o r i e s  found t o  fo l low 
t h i s  p a t t e r n  of sub-arcs had AV c o s t s  ranging from 2500 t o  3000 f p s  from 
a t o t a l  of four  impulses. For t hese  cases ,  t h e  optimum t r a j e c t o r y  re- 
qui red  t h a t  t h e  i n i t i a l  impulse be appl ied  - not a t  per icynth ion  - but  
a t  a t ime approximately 13 t o  1 4  minutes af ter  per icynth ion  passage.  
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Cost savings of t h e  order  of 50 t o  70 f p s  were r e a l i z e d  through t h i s  
prel iminary coas t  as opposed t o  t h e  same maneuver i n i t i a t e d  a t  per icyn-  
t h i o n .  This saving i s  a s i g n i f i c a n t  f a c t o r ,  f o r  it al lows a per iod  of 
t ime i n  which t o  prepare  t h e  spacec ra f t  f o r  t h e  abor t  maneuver without  
pena l ty  of cos t .  
postponing t h e  abor t  maneuver by as much as 1 hour a f t e r  per icynth ion  
passage increases  t h e  cos t  of t h e  abor t  by approximately 1 2 0  f p s  when 
abor t ing  from t h e  95-hour t r a j e c t o r y .  
on t h e  t ime of f l i g h t  of t h e  a b o r t .  For t h e  case  c i t e d ,  t h e  pena l ty  i s  
approximately 0.25 day. I f  t h e  abor t  i s  delayed by as much as 2 hours ,  
t h e  AV penal ty  inc reases  t o  333 f p s  and t h e  t ime inc reases  nea r ly  
0.75 day. 
3.5 days as opposed t o  2.75 days f o r  t h e  per icynth ion  case .  

It may be seen from f i g u r e  4 t h a t  t h e  pena l ty  f o r  

T h i s  de lay  a l s o  imposes a pena l ty  

The a c t u a l  t ime Of f l i g h t  of t h e  l as t  maneuver i s  approximately 

The t r a j e c t o r i e s  shown i n  f i g u r e s  5 ( a )  and ( b )  are both optimum 
t r a j e c t o r i e s .  However, they  a r e  vast . ly  d i f f e r e n t  i n  cos t  as a r e s u l t  
cf d i f f e rences  i n  t h e i r  f l i g h t  t imes  and subsequent t a r g e t  l ong i tudes .  
An e f f o r t  was made t o  determine t h e  f l i g h t  t i m e  a s soc ia t ed  wi th  t h e  
lowest cos t  f o r  each abor t  maneu;-er consiaered.  However, it w a s  found 
t h a t  t h e  AV cost curves when p l o t t e d  as a func t ion  of t ime show a marked 
d i s c o n t i n u i t y  a t  t h e  t i m e  where t h e  t r a j e c t o r y  t a k e s  a smooth e l l i p t i c  
pa th  around the  a t t r a c t i n g  body i n  p l ace  of t h e  sharp t r a n s i t i o n  t o  a 
hyperbol ic  sub-arc i n  f r o n t  and away from t h e  cen te r  of a t t r a c t i o n .  
This  po in t  was d i f f i c u l t  t o  e s t a b l i s h  with any degree of c e r t a i n t y .  
a r e s u l t ,  t h e  AV cos t  curves  presented  i n  f i g u r e  4 have poor ly  de f ined  
l o c a l  minimums. This w a s  e s p e c i a l l y  t r u e  of abor t  maneuvers i n i t i a t e d  
from t r ans luna r  t r a j e c t o r i e s  having the s h o r t e r  LSOI s t a y  t imes .  

As 

The in t e rpo la t ed  l o c a l  minimums obta ined  i n  f i g u r e  4 were c ross -  
p l o t t e d  on f igu res  2 and 3. It may be seen from t h e  r e s u l t i n g  p l o t s  
t h a t  it i s  not poss ib l e  t o  success fu l ly  accomplish any abor t  maneuver 
w i t h  t h e  DPS alone un le s s  t h e  SPS i s  apprec iab ly  off- loaded.  For t h e  
range of abor t  maneuvers inves t iga t ed  i n  which only t h e  DPS i s  used ,  
SPS p rope l l an t  off- load requirements  of 52.0 t o  67.4 percent  were re- 
qulred f o r  a veh ic l e  equipped wi th  t h e  ELM and 21.0 t o  41.4 percent  i f  
equipped wi th  t h e  A M .  Abort off- load requirements increased  wi th  inc rease  
i n  t h e  t r ans luna r  f l i g h t  t ime of t h e  i n i t i a t i n g  t r a j e c t o r y .  A f r e e -  
r e t u r n  t r ans luna r  t r a j e c t o r y  r e q u i r e s  a f l i g h t  t i m e  of approximately 
72 hours .  
c a p a b i l i t y  of a mission can be increased  by approximately 1000 l b  if 
t h e  80-hour nonfree-return t r a n s l u n a r  t r a j e c t o r y  i s  used in s t ead  of 
t h e  f ree- re turn  t r a j e c t o r y .  

However, it may be seen from f i g u r e  6 t h a t  t h e  payload 

It i s  conceivable t h a t  SPS p rope l l an t  off- loading must be c a r r i e d  
out i n  t h e  same r a t i o  by weight - ox id ize r  t o  f u e l  - as t h e  ope ra t ing  
mixture r a t i o  of t h e  SM engine.  If t h i s  i s  not done, t h e  r e s u l t i n g  s h i f t s  
i n  t h e  c e n t e r  of m a s s  w i l l  probably exceed t h e  c o n t r o l  l i m i t s  of t h e  
s t a b i l i z a t i o n  system. For t h i s  reason it w s  not  considered advisable  
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t o  inc lude  t h e  ascent  s t a g e  i n  t h e  c a p a b i l i t y  o f  t h e s e  systems f o r  
abor t  cons ide ra t ions .  However, i t s  con t r ibu t ion  w a s  included i n  
f igu res  1, 2 ,  and 3 t o  show the  add i t iona l  c a p a b i l i t y  requi red .  

CONCLUSIONS 

Copernicus missions employing nonfree-return t r a n s l u n a r  t r a j e c t o r i e s  
r e q u i r e  t h r u s t  abor t  c a p a b i l i t y .  
a v a i l a b l e  from t h e  ELM o r  t h e  ALM i s  i n s u f y i c i e n t  for  a successfiil abo r t  
un le s s  t h e  SPS i s  off- loaded of a l a r g e  amount of p r o p e l l a n t .  The pro- 
pellant, off- load requirement s inc rease  wi th  inc rease  i n  t r a n s l u n a r  f l i g h t  
t i m e  above t h e  f r e e - r e t u r n  f l i g h t  t ime.  Thrust  abor t  c a p a b i l i t y  becomes 
f e a s i b l e  only i f  it i s  p o s s i b l e  t o  use  both t h e  descent  and ascent  pro- 
pu l s ion  systems t o  accomplish t h e  abor t  maneuvers. 

However, t h e  t h r u s t  abor t  c a p a b i l i t y  

The optimum AV c o s t  f o r  t h e  abor t  i s  r e a l i z e d  by de lay ing  t h e  
i n i t i a l  t h r u s t  by a few minutes a f t e r  per icynth ion  passage.  Advantage 
can be t aken  of t h i s  t ime t o  perform requ i r ed  pre-abort  v e h i c l e  o r i en ta -  
t i o n  maneuvers. However, delaying t h e  i n i t i a t i o n  of  t h e  abor t  maneuver 
by approximately 1 hour w i l l  increase  t h e  cos t  of t h e  abor t  by approxi- 
mately 100 f p s .  

The c a p a b i l i t y  of t h e  DPS t o  accomplish t h e  abor t  maneuver inves t iga t ed  
i s  pred ica ted  on having t h e  add i t iona l  c a p a b i l i t y  of off- loading a l a r g e  
percentage of SPS p rope l l an t .  Even with t h i s  c a p a b i l i t y ,  an  off- loading 
Operat ion would r e q u i r e  an  appreciable  amount o r  t i m e .  T h i s  i-, --;ma--;Txr pL LUUL 

due t o  t h e  hypergol ic  na ture  of t he  p rope l l an t  combination of t h e  SPS 
which c o n s t i t u t e s  a p o t e n t i a l  hazard t o  t h e  s p a c e c r a f t .  However, as 
t h e  most promising abor t  maneuvers r e q u i r e  approximately 2.75 days,  an 
apprec i ab le  amount of p rope l l an t  could be off- loaded dur ing  t h e  t i m e  
t h e  veh ic l e  i s  coas t ing  between impulses. The of f - loading ,  however, 
must be c a r r i e d  out i n  such a manner as t o  main ta in  v e h i c l e  center-of-mass 
v a r i a t i o n s  wi th in  t h e  c o n t r o l  bounds of t h e  s t a b i l i z a t i o n  system. Due 
t o  t h e  d i f f i c u l t i e s  of measuring p rope l l ac t  q c a r k i t i e s  i n  a zero-gravi ty  
environment, it i s  recommended t h a t  i f  p rope l l an t  off- loading i s  t o  be 
performed, t h e  SPS should be completely emptied of  p rope l l an t  p r i o r  t o  
t h e  i n i t i a t i o n  of t h e  abor t  maneuver. 
w i t h i n  2 hours ,  and excess  AV of approximately 500 f p s  w i l l  resul t  i f  t h e  
ELM i s  used and approximately 1000  f p s  of t h e  ALM i s  used.  If t h e  o f f -  
loading  ope ra t ion  cannot be accomplished, it w i l l  be necessary t o  consider  
a d i f f e r e n t  s o l u t i o n  which w i l l  permit an abor t  w i th in  t h e  : i n i t a t ions  
of t h e  a v a i l a b l e  propuls ion systems. 

If t h i s  can be accomplished 
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